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Description 

[0001] Tnreinvetrton relates to a rrwth^^ 

the active matrix substrate of an active matrix fiqud crystal display devk» havmg the «vertef circurt as a peripheial 
drive drcuK and which also indudes an actte 

[0002] With the recent rapto process of serriconductor technology, there has been a demand tor smaller, btgh- 
soeed and snta)k)ovwr<on6ump1k)n sen^ 

complementary MOS (CMOS) inverters using P<hannal and N<hannel enhancement type MOS field effect transistors 
(FET) as loal and nverter devices among such apparatuses is being tirther promoted because the power consumption 
of this type of inverter is very small, although a complicated manufacturing process is required. 
[0003] Thin film tramastor slion-on-insUator complements^ MOS araits and methods for produang « same, 
are disdosed. tor example in each of the following publications (hereinafter referred to as publications (1) to (5)): 

1 K. Anzai.etal, Tabricatton ot high speed 1 mtoron FIFOS/CMOS", h EDM Technical Digest pp 796-799. 1984; 
2. AJ. Auberton Herve. et al. "Device performances of a submreron SOI technology*, in IEDM Technical Digest pp 
808-811 1984' 

3 B-Y. Tsaur. et al. "Merged CMOS Btodar Technologies and Microwave MESFETs uliising zone-metting-recrys- 
tallised SOI fims", in IEDM Technical Digest pp. 812-815. 1984; 

4. K. Hashimoto, et al. •Characteristics of submcrometer CMOS transistors in impianted-buneo-oxxJe SOI films, 
in IEDM Technical Digest, pp 672-675, 1985; and . _ e-^o- ,~>c 

5. a Onoda. etat "Si-gale CMOS devices on a Si/CaFj/Si struct* e". in IEDM Technical D^est pp 580-683. 1985. 

100041 In particular, publication (4) dsdoses PMOS and MMOS thin Hm SOI transistors produced by implanting 
oxygen tons. As described therein oxygen ions were implarted wim a dose of 2x10 18 cm- 2 and energies ol 150 -180 
ke™ and this was foBowed lay enneal teatinent to 

this means. 

10005] By conparison, publication (1) discloses production of CMOS inverters using oxidised porous afcon as 
means of the SOI insulation. An insulation layer of thickness Bum is reported therein. TOs is stated to suppress back 
channel leakage current tor the NMOS transistors. A low junction leakage level of 1x10" lz A was achieved. 
[0006] Publication (2) discloses CMOS ring osdBator manufacture using an SOI substrate on which the active s, 
layer was formed by laser zone-melting recrystallisatkxi ^ 

rystalline bulk substrate. In the construction produced a back interlace leakage event tor NMOS transistors as tow as 
0 2 pA/channel width was achieved with an oxide layer of thickness 200 nm. This document identifies back-gate para- 
sitic transistors in which the channels are coupled to the ironocrystaline bulk substrate with insulated gate. 
[0007] Rg 1(a) shows an example of a CMOS inverter in section. A transistor 16 is an NMOS transistor whfle a 
transistor 1 7 is a PMOS transistor. The transistors 16 and 17 are tormed on a substrate whie being insulated by a base 
insulation layer 2 and separated^ 

channel region 10, an N-type field limiting regions 12. 12', a gate insulation film 8, a gate electrode 9. a source electrode 
14. and a drain electrode 15. The gate electrode is ordinanly formed of a polycrystalline Si. and the source and drain 
electrodes are formed of Al. 

[0008] The PMOS transistor 17 is constituted of a P* drain 6. a P* source 7, N-channel region 1 1 , a P-type field 
limrting regions 13. 13'. a gate insulation film 8'. a gate electrode 9'. a source electrode 14*. and a drain electrode 15'. 
[0009] Fig. 1(b) is an equivalent circuit diagram of the abo^eschbed CMOS Inverter. As illustrated, the drain 
electrode 15 of the NMOS transistor 16 and the drain electrode 15" of the PMOS transistw 17 are connected to a cot^ 
nwioufout electrode. An output voltage m mis outpm electrode is represented by 14 of the 

NMOS transistor 16 is connected to a tow-voltage power supply, whie the source electrode 14' of the PMOS transistor 
17 is connected to a Ngrvvortap* pcwer a 

The substrate 1 forms gate electrodes of parasitic MOS transistors with respect to the NMOS transistor 16 and the 
PMOS transistor 1 7. That is. a parasitic PMOS transistor having a gate insulation layer corresponding to the base insu- 
lation layer 2, a enamel region corresponding to the region 11. and a sourw and a cfcain carespon^ 
and the source 7 is formed, whtte a parasitic NMOS transistor having a gate insulation layer corresponcSng to the base 
insulation layer 2. a channel region corresponding to the region 10. and a source and a drain corresponding to the 
source 4 and the drain 5 is tormed. in Fig. 1 (b) represents a voltage input to these pa^ 
[0010] Rg. 9 shows input-output characteristics of a conventional CMOS inverter, m the case of conventional 
CMOS inverters, it is difficult to increase the absolute value of threshold voltages of parasitic MOS transistors. If the 
threshold values of the parasitic NMOS and PMOS transistors are and respectively, 

v -V^ (the threshold value of the PMOS transistor being ordinariy negative) >V DD -V 88 . 
port] With respect to any value of W the parasitic NMOS or PMOS transistor can operate. As shown in fig. 9. 
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in the case where becomes closer to Vm when V»^» is about zero, the parasitic PMOS transistor rs operating and 
a leak current through the PMOS transistor inhibits the output from completely (topping to V^. On the other hand, in 
the case where V r becomes closer to Vss when V M is about 3 V, the parasitic NMOS transistor is operating and a 
leak current tnrough the NMOS transistor inhixts the output from completely nang to 

f [0012] As deserted above, a leak cm i ent Rows by the operation erf a parasitic CMOS tran&stor in the corvemonaJ 
CMOS inverter, resulting tn feiure to o btain an ideal input-output characteristic of the transistor. 
[0013] US-A-4409724 dsdosas a serrticonductor device in which a CMOS transistor is formed on a thick quartz 
substrate. A potysilicon layer is disposed on the Gubstate which is then patterned to provide a plurality of islands. The 
islands are subjected to a laser annealing treatment a* an intensity sufficient to cause recrystafjsation. The porysificon 

to material in the islands is converted by the laser annealing to crystalline silicon having an enhanced electron mobility 
characteristics. A pair of islands of poiycrystalfine semiconductor material as annealed by energy from a focused 
energy source are then formed into a CMOS transistor. 

[0014] WO-A-8902095 discloses a liquid crystal ctsplay device with a SOI substrate having an epitaxial silicon layer 
tying over en implant generated dielectric layer. MOS device and capacitor elements used to activate the display are 
is formed and in terc on ne c ted in the epitaxial silicon. The implant generated dielectric layer and the silicon substrate also 
serve as capacitor elements, thereby simpfifying the structure and fabrication of the display device and providing 
irnproved operation through improved isolation of the MOS device elements formed in the epitaxial si icon from the sub- 
strate. 

[0015] JP-A-63-142851 cfisdoses a semconductor device in which a conductive layer is provided under an FET 
20 with an insulating layer therebetween in order to drive the FET with increased stabifity. The insulating layer provided 
between the FET and the conductive layer has a thickness of between 2 x 10" 7 and 6 x1CT 7 meters. When the potential 
of the conductive layer is grounded the conductive layer and channel regions of the FET have a large capacitance 
through the insulating film thus inhibrting the potential fluctuation of the channel regions due to the modulation of pulses 
having high frequency thus preventing the malfunction of the circuit 
25 [0016] In accordance with the present invention, there are provided methods of producing a thin-f im CMOS inverter 
circuit in accordance with claims 1 and 2. respectively. A method of producing the active matrix substrate of an active 
matrix liquid crystal dspiay device and or either of these methods is defined in daim 3 attached 
[00171 An entjodrment of th e present invention produces an inverter circuit tr ee from the above-described probl em 
and a liquid crystal display using the inverter circuit 
50 [0018] The thin-rim CMOS inverter circuit produced in accordance with the present invention has an insulation 
layer trick enough to solve the above-described problem. 
[0019] In the accompanying drawings: 

Fig. 1(a) is a cross-sectional view of an example of an inverter of an inverter circuit produced in accordance with 
55 the present invenbon; 

Fig. 7(b) is a equivalent circuit diagram of the inverter shown in Fig. 1 ; 

Fig. 2 is a diagram of an input-output characteristic of a CMOS inverter of an inverter circuit produced in accord- 
ance with an errtxxfcment of the present invention; 

Fig. 3 is a diagram of film thickness-threshold value characteristics of a parasitic NMOS transistor; 
« Fig. 4 is a diagram of him thicKness-threshold value characteristics of a parasitic PMOS transistor; 

Fig. 5 is a diagram of a relationship between the threshold value and the film thickness of the parasitic MOS tran- 
sistors; 

Fig. 6(a) is a diagram of a SIMOX process practiced in accordance with a preferred (second) embodiment of the 
present invention; 

<* Fig. 6(b) is a oxygen concentration profile of the process of the preferred (second) ernbodment 
Fig. 7 is an illustration of a matrix substrate in a state of production by laser annealing ; 
Fig. 8 is a cross-sectional view of an active matrix produced according to an embodiment of the present invention; 
and 

Fig. 9 ts a diagram of input-output characteristics of a conventional CMOS inverter. 

60 

DESCRIPTION QP THE PREFER EMBODIMENTS 
[0020] The present invention will be desenbed below in detail. 

[0021] As described above, in accordance with the principle of the operation of a CMOS inverter, a condition nec- 
ss essary tor the exstance of a value of V^* with which parasitic NMOS and PMOS transistors cannot operate is 
Vse + V^Voo + V^. 

[0022] VnyT and can be expressed as shown below. 
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V«)n (Qbn^bo(x) + 24 fw +V re 

5 V^.-qOss/CBax-O^V 

v tttv --(Q B p^)-2* FP +v' ra 

Q BP - 72qeN cf (2^Pp) 

TO 

\r FB »-qQ ss /C BCK *0.1SV 

Ceox^ the capacity per unit area of the base insulation layer (F/cm 2 ) 
q: elementary electric charge 
16 Nc: a channel impurity concentration 

^ tpp: psuedo Fermi potentials of the NMOS and PMOS transistors 
♦ F :-{kTAtfln(N c /n,) 

k: Bdtzmann's constant 
20 T: absolute temperature 

n*: an intrinsic carrier density of Si 

V re : a flat band voltage 

25 [0023] Therefore. 

Vm " - (Qbn +QbpVCbox + 2^ ♦ 2 *fp • 103- 

[0024] Each of the Qb N . G B p *m. * F p in the above has only one value H the Impurity concentrations and 
so Ngp are determined. 

Since C B0X -£ Bax /T Bax 

eeoxt a dielectric constant of the base insulation layer 
35 Tbox : the thickness of the base insulation layer, 

only Cbox in the above equation ts changed with the thickness of the base insulation layer. Accordingly, 

V M* - V ttt>p- K 1 T BCK + K 2 

40 

where 

Ki s e B o X (Q bn + Q B p) 

45 

and 

K a -2* FN + 2« FP .1.03. 

60 

• V DD* V SS <V thbn' V tt*p" K l T Bax + K 2 
• T BOX >(V DO -V 6S .K 2 )M 1 

[0025] If the base insulation layer has a thickness such as to satisfy this equation, the absolute value of the thresh- 
55 old values can be increased so that occurrence of a leak current is prevented. 

[0026] The thickness of an twulation layer in the conventional SIMOX substrate cannot be indefinitely increased In 
accordance with the present invention, a monocrystaJ Si region is provided on a thick insulation layer by modified 
SIMOX (which may include subsequent epitaxial growth). 
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[0027] The present invention wiH be described with respect to Examples 3, 4. & 6 thereof, and other examples 1 2 
5 of methods outside the scope of the present invention. 

*. 

Example 1 

10028] A monocrystaJ Si thin f 3m was formed by using a porous Si substrate member. A method of rranulacijnng 
this monocrystai Si thm film will be descnbed betow 

[0029] to the pctous Si 6ubstrete member used, hdes riaving a dameter of about ^ 
formed, which were observed through at 

that of mcxxxrystal Si, but its monocrystal properties are maintained and a monocrystal Si layer can be termed on the 
porous layer by epitaxial growth. However, a rearrangement of internal holes takes place at 1 ,000'C or higher, and the 
characteristics of enhanced etching are thereby impaired For this reason, a tow-temperature growing mated, auch as 
a molecular beam epitaxial growth method, a plasma chemical vapor deposition (CVD) method, a thermal CVD 
method, a photo-CVD method, a bias sputtering me^ 
is growing the Si layer. 

[0030] A method in which Si isrnateporousanda nro 
will be described below. 

[0031] First a Si monocrystal substrate member is prepared and is processed by an arwdizatfon method using a 
HF solution to form a porous layer therein. While the density of monocrystal Si is 2.33 gytm 3 . the density of the porous 
20 Si can be changed in the rarige d 0.6 to 1.1 g/crrr 3 by change 
%bywetght This pwous layer can easily be formed 
[0082] Porous Si was found in a process of striving electron 
tion of Si in anodization. positive holes are requred tor ancclzafr* c4 Si n 
as follows. 



25 



35 



SI + 2HF + (2 • n)e* SiF 2 + 2H* + ne* 
SiF 2 +2HF->SiF 4 + H2 
SiF 4 + 2HF-»H2SiF 6 

Si + 4HF + (4 -X)e 4 ->S1F 4 + 4H* + Juy 
SiF 4 + 2HF^H2SiF 6 



[0033] Symbols e + and e* represent holes and electrons, respectively. Each of n and X represents the number of 
holes, in the relevant eouation, necessary tor dissolving one Si atom. Porous Si is formed on condition that n > 2 or X> 

40 4. 

[0034] From this fact, it can be said that P-type Si in which holes exist can easily be made porous. 
[0035] On the other hand, it has been reported that high-density N-type Si can be made porous. Thus, a Si sub- 
strate member can be made porous irrespective of being P« or N-type. 

[0036] Also, the density of the porous layer is a half or tess of the original density, since many gaps are formed in 
<5 the porous layer Therefore the surface area is greatly increased relative to the volume. The chemical etching speed is 
thereby increased remarkably in c^npa/ison wim the etching s^ 

[0037] torxtttorofornr^ngrr^ are shown below. A starting materiel of porous 

Si formed by anodization is not limited to monocrystal SI, and SI in other crystalline structures can be used. 

so Applied voltage: 2 (V) 

Current density: 30 (mA • cm" 2 ) 

anodization solution: HF : H2O : C2H5OH ■ 1 :1 :1 

Tine: 2.4 (hours) 

Thickness of porous Si: 300 &im) 
» Porosrty:56% 

[0038] Si is grown by epitaxial growth on porous Si formed in this manner, thereby forming a monocrystal St thin 
f ilm. The thickness of the nx)nccrystaJ Si thin film is, preferably 
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[0039] A surface of me rrwnocrystaJ Si thin flm is then axkfized. A substrate member which is to finally term a man 
substrate is prepared and is attached to the onde f iim m the monocrystaJ & surface. Artematrvety, a surface of monoc- 
rystaJ & substrate merit** nwvly prepared is axidaed and is attached to the mooocrystaJ Si layer on the porous S sub- 
strate mentoef. The reason for the proviso 

5 Si layer is because an interlace level generated from a base interlace of a Si active layer with an oxide film can be 
smaDer than, tor example, an interface level from a base interface with a glass provided as a substrate member. It is 
possible to pjeatty improve characteristics of an electronic device by terming 6uch an oxide flm interface. Further, onry 
a monocrystaJ Si thin flm prepared by removing a porous Si substrate member by a selective etching process 
described later may be attached to a new substrate member. Two substrate members can be attached dosery enough 

to to prevent separation between them by the van der Waats force, H their surfaces are washed and thereafter brought into 
contact with each other at room temperature. However, t* substrate members in this state are processed by a heat 
treatment in a nrtrogen atmosphere at a temperature in the range of 200 to 900*C. prererabrv. 600 to 90O*C. 
[0040] An S^ layer is termed as an etching prevention fim by deposition over the entire surface of the two 
attached substrate members. Only the portion of the S^N* layer on the surface of the porous Si substrate member is 

is then removed. Apiezon wax may be used instead of S13N4. Thereafter, the porous Si substrate member is entirely 
removed by etching or other means. A semicortfuctor substrate having a thin mwtocrystaJ S llayer can be obtained in 
this manner. 

[0041] A selective etching method tor etching onry the porous Si substrate member by rxxvelectroryte wet etching 
will be descnbed below 

20 [0042] As an etching Ik^riav^ 

only porous Si, His preferable to use tydrofiuoric acid, buffered hydrofluoric acid of ammonium fluoride (NH4F), hydro- 
g en fluoride (HF) or the like, a fiquid of a mixture of hydrofluoric acid or buffered hydrofluoric acid and hydrogen peroxide 
solution, a liquid of a mixture of hydrofluoric acid or buffered hydrofluoric acid and alcohol, or a liquid of a mixture of 
hydrofluoric acid or buffered hydrofluoric acid, hydrogen peroxide solution and alcohol. Trie substrate members 

25 attached to each other undergo etching by being wetted with such an etching liquid The etching speed depends upon 
the concentration of hydrofluoric acid, buffered hydrofluoric add and hydrogen peroxide in the solution and upon the 
temperature. By the adcMon of the hydrogen peroxide solution, the oxidation of Si is promoted and the reaction speed 
is increased in comparison with an etching liquid to which no hydrogen peroxide solution is added. Further, the reaction 
speed can be controlled by changing the proportion of the hydrogen peroxide solution. By the addition of alcohol, cub- 

so bles of a reaction product gas can be instantly removed from the etched surface without agitation, and the porous Si 
can be etched uniformly and effoentty. 

[0043] The HF concentration in buffered hydrofluoric acid is set in the range of. preferably. 1 to 95 %, more prefer- 
ably, 1 to 85%. and further preferably, t to 70 % by weight of the etching liquid. 

[0044] The NH4F concentration in buffered hyototooric acid is set in the range of. preferably, 1 to 95 %, more pref- 
35 erabry, 5 to 90 %, and further preferably. 5 to 80 % by weight of the etching Squid. 

[0045] The HF concentration is set in the range of, preferably, 1 to 95 V more preferably, 5 to 90 %, and further 
preferably. 5 to 80 % by weight of the etching Squid. 

[0046] TheH^corxartratonissetinte 1 to95V more preferably, 5 to 90%, and further 

preferably, 10 to 80% by weight of the etching liquid, and is set in a range such that the abcve<iescribed effect of hydro- 
40 gen peroxide solution can be attained. 

[0047] The alcohol concentration is set in the range of. preferably, 80 % or less, more preferably. 60 % or less, and 
further preferably, 40 % or less by weight of the etching liquid, and is set in a range such that the above-descrtoed effect 
of alcohol can be attained. 

[0048] The temperature is set in the range of. preferably. 0 to 100'C, more preferably. 5 to 80 # C. and hither prefer- 
45 ably.5to60 9 C. 

[0049] The alcohol used may comprises ethyl alcohol, tsopropyi alcohol and the Ike, La. alcohols which entail no 
considerable problem n the rnanufactunng process in practice and which ensure the abcve-o^scribed eJcohoi eddrbon 

effect. 

[0050] In the semiconductor substrate obtained in this manner, a thin large-area layer of rnonocrystal Si equivalent 
so to the ordinary Si wafer is formed flat and uniformly to cover the entire area on the substrata 

[0051] A monocrystaJ Si thin flm, such as the one described in detail in the specification of European Patent Laid- 
open Publication No. 469630, can be specrficaJry used as the above-descrtoed rrwrocrystal SI thin flm. 
[0052] In this example, a SiCfe fim having a thickness of 1 \im (10.000 A) was formed on a morxxrystal Si sub- 
strate, and was attached to a monocrystaJ SI thin flm to form a base Insulation layer. A CMOS Inverter such as that 
ss shown in Rg, t was manufactured by using this base insulation layer. The method of setting the above-mentioned fim 
thickness win be described below. 

[0053] Fig. 3 shows film thickness (Tg^-threshold value (V^J characteristics of a parasitic NMOS transistor with 
Qss (fixed positive charge on the base insulation layer) (cm' 2 ) used as a parameter. The density in the channel region 
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wassettolxio^cm- 3 . 

[0054] Fig. 4 shows fim frwkness-thre6ho*d value (V^p) characteristics of a parasitic PMOS transistor with Qss 
used as a parameter. The density in the channel region was set to 5 x 10 1 5 cm" 3 . 

[0055] Fig. 5 shows a relationship between the fHm thickness and the threshold value cfifterence - 
5 between the two transistors on the basis of the data shown in Figs. 3 and 4 with respect to the channel densities of 1 x 
lO^cm^andSxIO^cm" 3 . 

[0056] As described above, for the existence of a value of with which the parasitic NMOS and PMOS transis- 
tors cannot operate, at least V^-Vy <V W)n -V ttt3p must be satisfied. The graph of Rg. 5 is formed by using, as a 
parameter, allowable values of currents flowing in gate voltage ranges below the threshold values. In Fq. 1 , the reia- 
io tionship between - and is shown with respect to a cunent oM Jim flowing when = V' , V^, 
a current down by a factor of 10 2 therefrom (allowable current - 10 jiA). a current down by a factor of 10* (allowable 
current - 10 nA). and a current down by a factor of 10 6 (allowable cunenl - 100 pA). There is no influence of Qss upon 
the relationship shown in this graph. 

[0057] h this example, a base insulation layer thickness Tqq X « 1 pm (10.000 A) was determined from Fig. 5 under 
is conditions: - Vgg - 14 V, an allowable cunent of 100 pA, and a margin of 5 V between the threshold value tfte- 
enceandVoo- Vss. 

[0058] Fig. 2 shows an input-output characteristic of this CMOS inverter. Input-output values closer to an ideal char- 
acteristic were exhforted with respect to Vdq - 8 V, ■ - 6 V, and - 3 V. This CMOS inverter can be used in a 
driving circuit having a high power supply voltage, 14 V. 

20 

[0059] A semiconductor device was manufactured in the same manner as Example 1 except that a base insulation 
layer was formed so as to have a three-layer structure formed of 800 nm (8.000 A) thick layer of SiOz. a 50 nm (500 A) 
25 thick layer of SiN, bjxJ a 100 run (1,000 A) ^ 

925 nm (9,250 A) in terms of the thickness of the SiOg single layer structure as determined by conversion with respect 
to the da electric constant In this entxrfment SiN was deposited by a low pressure CVD method. Alternatively. SiN may 
be formed by being nrtrized by rapid thermal annealing at 1, 000*0 after SiOg deposition. 

[0060] In a case where there is a need to partially remove the Si substrate by etching on the back side thereof, for 
so example, for the purpose of forming a transparent portion such as that of a display portion of a liquid crystal display, 
etching can easily be stopped since the SiN layer acts as a suitable stopper, and cutting-out can be performed by uni- 
form back-side etching. 

[0061] The operation at V DD - - 14 V was substantially possible, although the threshold values of the para- 
sitic MOS transistors were slightly reduced in comparison with Example 1. 

35 

Example 3 (1st Embodiment) 

[0062] Conventionally, a SIMOX substrate is manufactured by a method of injecting, ordinarily. 3 to 5 separated 
shots of an amount of oxygen ions of 4 x 1 0 1 7 to 2.4 x 10 1 8 cm" 2 with acceleration energy of 150 to 300 keV, and there- 

40 after performing a heat treatment at 1.100 to 1.250*C for 2 to 20 hours. 

[0063] in this embodiment, oxygen ions were injected by double-charging using a charge twice as large as the ordi- 
nary charge, while an average ion injection range (fon injection depth) Rp ■ 800 nm (8,000 A) and a dispersion of ion 
injection range ARp = 400 nm (4,000 A) were set SiOg film having a thickness of 1 jim (10,000 A) was thereby formed. 
A CMOS inverter similar to that in accordance with Example 1 was manufactured by using this SMOX substrata The 

45 CMOS inverter obtained had no leak and had an improved characteristic. 

Example 4 (2nd Embodiment) 

[0064] A SIMOX substrate was manufactured by changing energy tor oxygen ion injection by three steps as shown 
60 in Ftg. 6(a). That is, oxygen ions were injected under conditions: The plant energy of 1 50, 250, 400 keV, and ton injec- 
ts dose- 5 x io 17 ,2x 10 18 , 4 x 10 18 crrr 2 , followed by a heat treatment at 1 ,200 *C for 36 hours. With an oxygen 
profile such as that shown in Fig. 6(b), SOI (siicon on insulator) on SO2 fim having a thickness of about 1.3 pm was 
realized. A 20 V driving circuit can be made by forming a CMOS inverter on this SMOX substrata 

£5 Exarrpie5 

[0065] The active matrix substrate of an active matrix type of liquid crystal display was manufactured by forming a 
polycrysta! line or amorphous Si layer on a transparent substrate and by processing a necessary portion thereof by laser 
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annealing so thai the processed portion is changed into 

portion 72 is termed at the center of the substrate and is surround by a drrvad^ 

active matrix and a circuit tor driving the matrix are provided on a device region 74 formed in an amorphous region 73. 
A laser light source used for laser annealing is ot a high output (5 to 1 .000 mW) type using a helium neon lamp aaa 
light source, m the display in accordance with this example, only the drive droit is required to have attgh-s peed 
switching operation. Therefore, only the drive circuit portion is scanned with the laser light source, as illustra ted. The 
seamed portion is changed into a rnonocrystal region where the carrier mobfity is flte same as that in 
rystaJ Si, thereby enabling high-speed driving. The manufacturing cost is ncreased by the laser enneeJng pnxaaa. 
However, the increase in the rmnufacturing cost is imrted by setting a necessary minimum processed region as 
described abova H is thereby possHe to manufacture a Ng^integration Ngh-resofution liouid crystal display having 
two hundred thousand or mors pixels. 



Example 6 (3rd Emtxxfiment) 

[0066] Rg. 8 shows an example of an active matrix substrate of an active matrix liquid crys^ disptey dsvics pro- 
duced in accordance with the present invention. In trus entailment, a drive circurt portion 71 tslornted en 
film 83 (having a thickness on jim (10, 000 A) tor example), enabfing driving ofVoo-Vss-HV.A tfspiay portion 
72 in which transistors serving as swttcttng devices applying v 

of a matrix is termed on a thin SiOg fim 82. A rnonocrystal Si substrate 81 at the backside of the dspiay portion 72 is 
partially removed by wet etching, and a space thereby formed is filled with back packing (silicone rubber) 84 tor rein- 
torcement TKs packing is alrrost transom 
the cSs pi ay portion. 

[0067] Only PMOS transistors are used as switching devices in the display portion. The back packing 84 has an 
insulating property. Therefore, even if there are movable ions (ortfnanly, positive ions) in the back packing, the parasitic 
PMOS transistor does not operate by this charge. 

[0068] Thus, an unnecessary increase in the SiOg film is Med to reduce stresses remaining in the St Cfc Am en d 
the device region after cutting-out of the nwnocrystal sicon substrate. His thv 

liquid crystal cells on the outer device region and to improve image qualities. 

[0069] As descrfoed above, in the semiconductor device produced in accordance with the present invention, a leak 
current, relating to the problem of the conventional SIMCK art can be prevented by controlling the film thickness c4 the 
implant' formed insulation layer. The serweonductor device can perform high speed driving with a high power supply 
voltage. The liquid crystal display device produced according to the present invention can be designed tor high-resolu- 
tion high-image-quality image rjsplay. 



Claims 

1. Arrwthodofprttfudngattt^ 

a rnonocrystaBine silicon bulk serriconductor substrate (1); 

an insulation layer (2) on said semiconductor substrate; 

a thhvfilm Si layer (4 to 7,10,1 1 ,12,12\13,131 on said insulation layer; 

a thhvfilm NMOS transistor (16) having a source (4,12) and a drain (5,1 5) in a tirst isolated rnonocrystal region 
(4.5,10.12.12*) of said thin-film Si layer, a source electrode (14). a drain electrode (15). and an insulated gate 
electrode (9); 

a thin-film PMOS transistor (17) having a source (7.13} and a drain (6.13) in a second isolated rnonocrystal 
region (6.7,1 1,13.13*) of said thirvfilm Si layer, a source electrode (14*). adrain electrode (15*) and an instated 
gate electrode (9*); 

a common input electrode connected to said gate electrode of said NMOS transistor and to said gate electrode 
of said PMOS transistor; 

a common output electrode connected to said drain electrode of said NMOS transistor and to said drain elec- 
trode of said PMOS transistor; 

a low-voltage power supply, connected to said source electrode of said NMOS transistor, to supply a first voi- 
age, Vss volts, thereto; and 

a high-voltage power supply connected to said source electrode of said PMOS transistor to supply a second 
voltage, V DD volts, thereto; wherein 

the thickness l^ox <*id insulation (2) satisfies a relationship expressed by the blowing expression: 
Tbok>( v do- v ss- K 2) /k i 
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where 

-1 

K, = em (Q M + Q„), 

6 

K 2 - 2* w + 2+ pp • 1 .03 Vote, ceax « a dielectric constant of said base insulation layer (2), 0^ and Qbp 
are bulk charges when the widths of depletion layers of said NMOS and PMOS transistors (16.17) are maxi- 
mized and are expressed in units of CoukxrtxVcm 2 , and fat and * F p are p6eudo Fermi potentials of said 

10 NMOS and PMOS transistors (16, 1 7) expressed in volts, whereby parasitic MOS transistors, having said sem- 

iconductor substrate (1) as a common gate electrode, said insulation layer (2) as gate insulation, said source 
(4) and said drain (5) of said NMOS transistor (16) and said source (7) and said drain (6) of said PMOS tran- 
sistor (17). inherent in said droit are inoperable; 
which method is performed by: 

is providing a monocrystaJline silicon bulk semiconductor wafer; 

implanting oxygen ions in said bulk semiconductor wafer by irradiating the surface thereof with double charged 
oxygen ions and performing an anneal heat treatment thereby forming the insulation layer (2) of S1Q2 which 
separates a surface layer of said wafer, which is to provide at least a lower part of the thin fim Si layer (4- 
7,10.1 1,12.12\13, 13*) from a remainder portion of said wafer, namely the monooystalBne silicon bu* serni- 

20 conductor sutetrate (1). the thickness of said insulation layer (2) thus formed befng about 1 \ur\ ; producing the 

thin-ffim NMOS transistor (16) and the thin-film PMOS transistor (17) in and upon respective first and second 
isolated monocrystaJ regions (4,5,10,12,12' and 6.7,1 1.13.13} of said thin fim Si layer.; 
connecting the respective gates (9.9*) to a common input electrode, and connecting the respective drains 
(15.15*) to a common output electrode ; and providing the low-voltage power supply and the high-voltage. 

25 power supply and connecting them to the respective sources of said NMOS and PMOS transistors. 

2. A method of producing a thin-film CMOS inverter circuit comprising: 

a monocrystainne silicon bulk semiconductor substrate (1); 
so an insulation layer (2) on said semiconductor substrate; 

a thin-film Si layer (4 to 7, 1 0.1 1 , 12. 1 2*. 1 3.13*) on said insulation layer; 

a thin-film NMOS transistor (16) having a source (4,12) and a drain (5.1 5) in a first isolated monocrystal region 
(4.5,10.12,12} of said thin-film Si layer, a source electrode (14). a drain electrode (15), and an insulated gate 
electrode (9); 

35 a trin-fam PMOS transistor (17) having a source (7,13*) and a drain (6,13) in a second isolated monocrystal 

region (6,7,1 1 ,13,1 3} of said thin-film Si layer, a source electrode (1 4*), a drain electrode (151 and an insulated 
gate electrode (9}; 

a common input electrode connected to 6aid gate electrode of said NMOS transistor and to said gate electrode 
of said PMOS transistor; 

40 a common output electrode connected to said drain electrode of said NMOS transistor and to said drain elec- 

trode of said PMOS transistor; 

a low-voltage power supply, connected to said source electrode of said NMOS transistor, to supply a first volt- 
age. Vss volts, thereto; and 

a high- voltage power supply connected to said source electrode of said PMOS transistor to supply a second 
45 voltage. V DD volts, thereto; wherein 

the thickness T^x of said insulation (2) satisfies a relationship expressed by the following expression: 

T BGX >(V DD -V 8S -K 2 VK 1 

60 where 

-1 

K: 5 *%ox (Qm + Q$f) f 

65 

K 2 - 2<> + 2$ FP - 1.03 Volts. Efiox is a dielectric constant of said base insulation layer (2), and Qgp 
are bulk charges when the widths of depletion layers of said NMOS and PMOS transistors (16,17) are maxi- 
mized and are expressed in units of Coutorri^cm 2 , and fa* and + FP are pseudo Fermi potentials of said 
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NMOS and PMOS transistors (16.17) expressed in vote, whereby parasitic MOS transistors, having said sem- 
iconductor substrate (1) as a common gate electrode, said insulation layer (2) as gate insulation, said source 
(4) and said drar (5) of said NMOS transistor (16) and said source (7) and said drain (6) of said PMOS tran- 
sistor (17), inherent in said droit are inoperable; 
5 which method is performed by ; 

providing a monocrystafline silicon bufc semiconductor wafer ; 

nTpiartmg oxygen ions n said buik s«friconductor wafer by irradiating the surface thereof with oxygen ions tor 
three exposures performed at three (Afferent implant energies, and annealing by heat treatment thereby form- 
ing the ireutation layer (2) of SO2 which separates a surface layer of said wafer, which is to provide at (east a 
to lower part of the thinfim SI layer (4-7,10.1 1,12,12\13.13*) from a remainder portion of said wafer, namely *e 

rnonoaystaitine silicon bulk semiconductor substrate (1), the thickness of said insulation layer (2) thus termed 
being about l.3iim: producing the thin-fim NMOS transistor (16) and the thin-film PMOS transistor (17) In and 
upon respective first and second isolated inorocrystai regions (4,5,10,12. 12' and 6,7,1 1 ,13.13') of said thinfim 
Si layer ; 

15 connecting the respective gates (9,91 to a common Input electrode, a connecting the respective drains (15. 1 5) 

to a common output electrode ; and pwidmg the tow-voltage power supply and the high-votage power suppry 
and connecting them to the respective sources of said NMOS and PMOS transistors. 

3. A method of producing the active matrix substrate (81-85) of a Rquid crystal display device having both a peripheral 
20 dnve circuit porbon (71) and an acbvs matrix display portion (72) which method indudes perxxrring the method of 
producing a thin-f Hm CMOS inverter circuit according to either of claims 1 or 2. said thin f 3m NMOS and PMOS 
transistors of said thin film CMOS inverter circuit being located at the periphery of the SO! substrate formed of said 
rr»nocTystalline silicon bulk serriewxtoctor substrate, 

a peripheral drive circuit portion (71) of the active matrix substrate of the liquid crystal splay device ; and also 
25 includes steps of : 

producing the active matrix display portion in and upon said thin-fim Si layer, which portion has PMOS pixel 
switches ; removing the portion of the monocrystai Si bulk substrate disposal between said active matrix dis- 
play portion (72) of said thin-film Si layer (5) and the back surface of said monocrystai Si bulk substrate, thin- 
so ning the portion of the insulation layer (83-82) exposed by removal of said portion of the monocrystai SI bulk 

substrate, and in-filling the void formed by said removal and said thinning with a substantially transparent back 
packing materia) (84) fa reinforcement 

PaterttansprQche 

35 

1 . Verfahren zur Herstellung einer DOnrflmCMOS-lnverterschartung mrt 

einem massiven eintastaffinen SifidumhalHeitersubetrat (1): 
einer tolatiorescttcht (2) auf dem erwahnten HaJHertersubstrat 
40 einer Durirfilm-Si-Schicht (4 bis 7. 10. 1 1. 12, 12\ 13. 13} auf der erwflhnten Isolationsschicht; 

einem DOnnfim-NMOS-TransistDr (16). der eine Source (4, 12) und einen Drain (5. 121 in einem ersten isoiier- 
ten BnkristaJbereich (4. 5. 10. 12. 12*) der erwahnten DOnnfOmSi-Scrttcht eine Sourceelektrode (14), eine 
Draineiektrode (15) und eine isofierte GateeieWrode (9) hat; 

einem DOnnfim-PMOS-Transistor (17), der eine Source (7, 13*) und einen Drain (6. 13) in einem zweiten iso- 
45 lierten BnkristaJbereich (6, 7. 11, 13, 13) der erwflhnten DunnfarrvSi-Scrxcrrt, eine Sourceelektrode (14*), eine 

Draineiektrode (15*) und eine isolierte Qateeiektrode (?) hat 

einer gemeinsamen Eingangselektrode, die mil der erwahnten Qateeiektrode des erwahnten NMOS-Transi- 

stors und mit der erwahnten Gateelektrode des erwahnten PMOS-Transistors verbunden ist; 

einer gemeinsamen Ausgangselektrode, die mit der erwahnten Draineiektrode des erwahnten NMOS-Transi- 

so stors und mit der erwflhnten Draineiektrode des erwahnten PMOS-Transistors verbunden ist; 

einem Stromversorgungsgerat fflr niedrige Spamung, das mit der erwahnten Sourceelektrode des erwahnten 
NMOS-Transistors verbunden ist um diese mit einer ersten Sparmung (Vss Volt) zu versorgen; und 
einem Stromversorgungsgerat fur none Sparmung, das mit der erwahnten Sourceelektrode des erwflhnten 
PMOS-Transistors verbunden ist um diese mit einer zweiten Spannung (Vrx Volt) zu versorgen; wobei 

55 die Dicke Tbqx der erwflhnten Isolation (2) eine Beziehung erfOH die durch den foigenden Ausdruck ausge- 

drOcktwird: 

T B ox>( V 0D- V 8e-K 2 yK v 
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worin 

K l = e BOX ( Q BN + Qbp) • 

K 2 • 24 + 1.03 Volt cgox de Dtefektri zHftte tanstaffie der erwahnten Basiaso ia fionttchich! (2) ist 
Qbn und Q B p Vttumentadungen in dem FaH and, otass die Brertan der Venvrnungsschichten daa erwahnten 
NMOS- und PMOS-Transistors (16, 17) msjarriert end. und in Snherten von CouJomtitem 2 ausgedrOckt war- 
dan, und +r< und fa Pseudo^errri-Poterrtiale daa erwahnten NMOS- und PMOS-Transistori (16, 17) und, 
dia in Vott ausgedrOckt warden, wodurch der arwihntan Schattung etgene parasrtflre MQS-Tran ai rtoran, die 
das erwdhnte Halbtertemubstml (1) ais gemeinsame Gateeiektrode, dia erwanme Isoiationaachcrt (2) ais 
Gateisoiabon, die erwdhnte Source (4) und dan erw&hntan Drain (5) des erw&hnten NMOS-lrvwistors (1 6) 
und die erw&hnte Source (7) und den erw&hnten Drain (6) des erwahnten PMOS-Tranaistora (17) haben, 
unwirteam smd; 

wobei cfieaes Veriahren dadurch durchgefOhrt wird, dass 

ein massrver einkristalliner Siiidurnhalblerterwafer berertgeateJIt wird; 

in den erwflhnten massiven SiBctunThablerterwafer Seuerstomcnen irrpiantiert warden, indem aeine GberflA- 
che nit dopperi aufgeiadenen Sauerstoffionen bestrahft und eine Ausheiiungawarmebertanolung durchgefOhrt 
wird, wodurch cfie aus SiOg bestehende IsolaiwnsschicW (2) gebildet wird, die eine Oberfia^riamchlcht des 
erwahnten Wafers, die mindestens einen unteren Tea der DQnnfitm-Si-Scrttcm (4 bis 7. 10. 11. 12. 1?. 13. 131 
bereitzusteJIen hat von ein em restfichen Tefl des erwahnten Wafers, namlich von dem massiven einkristaJSnen 
STidumhaJblertersubstrat (1). trennt. wobei die Did* der erwahnten auf diese Weise gebiUetan teoiabons- 
schtcht (2) etwa 1 fun belragt; 

der DOnnfim-NMOS-Transistof (16) und der DQnnftm-PMOS-Transistor (17) in und auf dem end en bzw. dem 
zwerten isofierten Einkristalbereich (4. 5, 10, 12. 12* und 6, 7, 11. 13. 13*) der erwahnten OOnrfiim-Si-Schicht 
hergesteitt warden; 

die jeweiligen Gateelektroden (9, 91 rrit einer gemeinsarnen Engangselektrode verbunden warden und die 
jewefligen Draineiektroden (15, 15*) mrt einer gemeinsarnen Ausgangselektrcde verbunden warden und 
das Stromversorgungsgerat fur niedrige Spannung und das Stromversorgungsgerat fur hone Spannung 
berertgestelrt und mrt der Sourceef ektrode des erw&hnten NMOS- bzw. des erwahnten PMOS-Transistors ver- 
bunden warden 

Veriahren zur Herstellung einer Dunnf ilnvCMOS-lnverterschattung mrt 

einem massiven einkristallinen STiciumhaJbfeftersubstrat (1); 
einer teoiatons&chicht (2) auf dem erwahnten HaJbJeftersubstrat; 

einer Dunrtfiim^-Schicht (4 bis 7. 10. 11. 12, 12*. 13, 13*) auf der erwahnten ksolationsschicht; 
einem Dun nfrirrv NMOS- Transistor (16). der eine Source (4, 12) und einen Drain (5. 121 " ainem eraten isofier- 
ten BrftristaUbereich (4. 5. 10, 12. 121 der erwahnten -OOnnTdnvSi-Scttcftt eine Sourceeiektrode (14), eine 
Draineiektrode (15) und eine isolierte Gat eel ektrode (9) hat; 

einem Dunnf im-PMOS-Transistor (17). der eine Source (7, 131 und einen Drain (6, 13) in einem zwerten iso- 
berten EinkristaJIbereich (6. 7, 1 1 , 13. 131 def erwahnten DOnnf am-Si-Schicht. eine Sourceeiektrode (141, «ne 
Draineiektrode (1 51 und eine isolierte GateeJektrode (91 hat 

einer gemeinsarnen Eingangseiektrode, die mrt der erwahnten Gateeiektrode des erwahnten NMOS-Transi- 
stors und mrt der erwahnten GateeJetorode des erwahnten PMOS-Transistors verbunden ist; 
einer gemeinsarnen Ausgangselektrode, cfie mrt der erwahnten Draineiektrode des erwahnten NMOS-Transi- 
stors und mrt der erwahnten Draineiektrode des erwahnten PMOS-Transistors verbunden ist; 
einem Stromversorgungsgerat fur niedrige Spannung, das mrt der erwahnten Sourceeiektrode des erwahnten 
NMOS-Transistors verbunden ist urn diese mrt einer ersten Spannung Wss Vott) zu versorgen; und 
einem stromversorgungsgerat fur hone Spanmng, das mrt der erwahnten Sourceeiektrode dee erwahnten 
PMOS-Transistors verbunden ist um diese mrt einer zwerten Spannung (V^ Volt) zu versorgen; wobei 
die Dicks Tqqx der erwahnten isolation (2) eine Beziehung erfom, die durch den foigenden Ausdruck ausge- 
drOckt wird: 

Tbox^oo-Vss-^VKv 

worm 
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K l s C BOX (Q W + Q » , » 

K - 2» n , + 24 „ - 1 03 Vol Eficx «*e Dielekirizitfllstonstarta der erwflhnten BasosolationsscfTicht (2) ist 
qL urt <L VWunieriadungan ki den, Fal end. dass dw BreHen der VWungssc^en des erwflhnten 
NMOS- und PMOS-Transistors (16. 17) mawrtert ond.undin EnheSan von Coutorrtofcm 2 ausj^rOctt war- 
dsn und i«l *fp PseuJc-Fsmi-Potentele das erwahnten NMOS- und PMOS-Transistors (16, 17) as*, 
die in VWt ausoedrOcW wwden. wodueh dar erwflhnten SchaJajng-eigene paresitare MOS-Transstoren die 
das erwahnte HaWeitersubstrat (1) ala gemeinsame GateeWdrode, die ervrflhnte '^^onwchidrt (2) ate 
Gataiaolation. die erwfihnte Source (4) und den enrthnton Drain W*>^~^^^ 
und die erwahnte Source (7) und den erwahnten Drain (6) dee erwflhnten PMOS-Transetcxs (1 7) haben. 
unwirteam and; 

wobei dieses Vertahren dadureh dutchgefdhrt arird, dasa 

an massiver einkristalliner SiiriumhaMeitwwafer bererHjeertflt wW; 

in den erwflhnten maseken SilWurrnaMeiterwBter SaueretonTonen irrptentiert werden, indem seine Oberflfl- 
che einer drermaigen BestraNung rrit Sauerstoflionan ausgaseW wind, die rrtt drei verschiedenen triplanlat.- 
onsenemien durchgetohrt wird, und eine Aushefling durch Wtrrneberwxflurxj durchgetOr* wird, wodurtf die 
eus SO, bestehende teotenonsseNeht (2) gebSdet witd, die eine Oberflflchensehichl das erwahrter .Wafers. 
dienwdWare einen unterenTelder Dttmfln>Si-S*icW(4bis7. 10. 11. 12. 12'. ia 137 berertzusteflen hat 
von einem resdichen Tea das erwahnten Wafers, nairti* von dem massivsn einhristalOnen SiBdurtwWerter- 
eubstrat (1). trenrt. wobei die Did* der erwflhnten aui dese Weise getfldeten Isolatonsscrieht (2) etwa U 
um befrftgt 

der DQrtnfirrvNMOS-Transistor (16) und der DOnnfanvPMOS-Traneistxy (17) in und auf dem ersten bzw dem 
zweilen isoiierten Br*nsta»>erei<*. (4, 5. 10, 12. 12* und 6. 7. 11. 13. 131 *r erwflhnten Dunrfftm-Si-Schicm 

hergestettt werden; . (j , , . . . ~ 

die jeweSigen Gateelekiroden (9, 9*) mft einer gemeinsamen BngangseleWrode verbunden werden und ae 
leweiiigen Drainelektroden (15. 151 mit einer gemeinsamen AusgangeeieWrode verbunden werden und 
das StronverBorgungsgerat fur niedrige Sparmung und das Stmnwereorgungsgertt fdr hohe Spanning 
berettgestellt und ma der Sourceelektrode des erwahnten NMOS- bzw. des erwflhnten PMOS-Trar® store ver- 
bunden werden. 

3 Vertahren zur Herstellung des Akfivmatrixsubstrats (81 bis 85) eines RussigtaistaJarueigegerate das einen peri, 
pheren Artsteoerschatturig^eich (71) und einen AKtivrrHtrixarwgebereich (72) hat dieses Vertahren cle 
DurcrrfOhrung des Verfahrens nach Anspruch 1 Oder 2 air Herstellung einer MnnflnvCMO^U^ 
einschiieSt wobei der erwahnte Ounrtin^NMOS-Transistor und der erwahnte DOnnfim-PMOS-Transi^r der 
erwflhmenDflnnJflnvCMOS-lnvertet^ ^ 
siven einkhstaliinen SiiiciurnhabeHersutetrat der erwahnten Isolattorcschicht und der erwahnten Duni«n-S.- 
Schcht gebiWet wird. angeordnet und ate Tail eines periphery AnsteiierschaitijnQ^ek^l) 
eubstrats des FtOseigkristalanzeigegera^ berehgesteHt werden. und auch die Wgenden Scnritte eracniiea: 

Herstellung des AktMnatrixarueig^eichs in und auf der erwahnten DC^im-Si-Schicht wobei dieser 
Bereich PMOS^Ideiementschalter hat 

Entfemung des zwischen dem erwahnten AWivrrmtrittreeigebereich (72) der erwahnten Dunnfln^-Scr*** 
(85) und der ROcteerte des erwahnten masstven einknstaBinen Si-Substrats angeordneten Bereichs des mas- 
siven eintaistalinen Si-Substrats; 

VerdOrmung des durch Entfemung des erwahnten Bereichs des massrven einknstalf nen &-Substrats freige- 

legten Bereichs der Isdatttnssdicht (83) und . 

AuffOltung des durch cfie erwahnte EnUernung und die erwahnte VerdOrmung gebildeten Hor-raums mt einem 
im wesentJichen lehttkjrcWassigen AuffOIlijngsmatena] (84) zur Verstarkung. 

Revendicatkxis 

1. Proceed de fabrication <fun droit inverseur CMOS a couche mince, comprenant : 

un substrat seniconducteu massif (1) en sBcium rronocristaHin; 
une couche d'teoiation (2) sur le substrat sen»conducteur; 
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une couche mince de Si (4 a 7, 10. 1 1, 12, 12*. 13, 13) sur la couche ^isolation; 

un transistor NMOS a couche mince (16) ayant une source (4, 12) et un drain (5, 15) dans une premiere region 
de monocristal tsoiee (4. 5. 10, 12. 12) de la couche mince de Si, une electrode de source (14). une electrode 
de drain (15) et une electrode de grille isolee (9); 

un transistor PMOS a couche mince (1 7) ayant une source (7, 13*) et un drain (6. 1 3) dans une seconds region 
de monocristal isolee (6, 7. 1 1, 13. 13*) de la couche mince de Si. une electrode de source (14), une electrode 
de drain (15) et une electrode de grifle isolee (9); 

une electrode d'entree commune connectee a r electrode de gnle du transistor NMOS et a relectrode de gnle 
du transistor PMOS; 

une electrode de sortie commune connectee a relectrode de drain du transistor NMOS et a roedrode de drain 
du transistor PMOS; 

une alimentation de faibie tension, connectee a relectrode de source du transistor NMOS, pour lui appiiquar 
une premiere tension, de volts; et 

une alimentation de tension elevee connectee a relectrode de source du transistor PMOS pour In appiiquer 
une seconde tension, de V D0 vohs; dans lequel 

repaisseur Tbox de ITsolation (2) verifie une relation exprimee par rexpression : 

T B ox>(Voo-Va8-K 2 yK 1 

dans laquefle 

K l 55 *iox (Qto + Qbp) < 



K 2 - 2 * fn ♦ 2 ♦ fp * 1 - 03 «box est une constante deJectrique de la couche dlsolation de base (2), 
et Qbp sont des charges de substrat torsque ies largeurs des couches de desertion des transistors NMOS et 
PMOS (16, 17) sont maximisees, et s'expriment en coulornbs/cm 2 , et fa et t> FP sont des psetioc-cctentiets 
de Fermi des transistors NMOS et PMOS (16, 17), axphmes en volts, grace a quoi des transistors MOS para- 
sites, ayant le substrat semiconducteur (1 ) en tartt qu'electrode de grflle commune, la couche dlsolation (2) en 
tant qulsolation de grile, la source (4) etle drain (5) cki transistor NMOS (16) et la source (7) et le drain (6) du 
transistor PMOS (17), qui sont inherents dans le circuit, ne peuvent pas fonctionner; 
ce precede etant accompli par Ies operations survantes : 
on tournh une tranche de semiconducteur massif en siftdum rnonoenstaflin; 

on implante des ions cToxygene dans ladrte tranche de semiconducteur massif, par irradiation de la surface de 
ceUe-ci avec des ions cToxygene doublement charges, et on effectue un traitement thermique de recuft. pour 
former ainsi la couche cf isolation (2) en SiOz qui separe une couche de surface de ladrte tranche, qui doit cons- 
tituer au moins une parte inferieure de la couche mince de Si (4-7. 10, 11. 12. 12'. 13. 13). dune parte res- 
tarrte de la tranche, e'est-a^dtre le substrat semiconducteur massif (1) en siBcium morwcristaJIn, repaisseur de 
la couche dlsolation (2) ainsi formee etant d'environ 1 jim; 

on produit le transistor NMOS a couche mince (16) etle transistor PMOS a couche mince (17) dans et sur des 
premiere et seconde regions de mcjrocristai isolees respectives (4, 5, 10. 12, 12' et 6. 7. 1 1 , 13. 13} de la cou- 
che mince de Si; 

on connede Ies grilles respectives (9. 9) a une electrode cf entree commune, et on cormecte Ies drains respec- 
tifs (15. 15) a "ne electrode de sorte commune; et 

on tournit rafimentation de We tension et I'ali mentation de tension elevee et on Ies cormecte aux sources res- 
pectives des transistors NMOS et PMOS. 

Precede de fabrication cfun circuH inverseur CMOS a couche rrince, comprenant ; 

un substrat semiconducteur massif (1) en sflicium rnono ensta flin; 

une couche dlsolation (2) sur le substrat serrtconducteur; 

une couche mince de Si (4 a 7, 10. 11, 12, 12\ 13. 13) sur la couche isolation; 

un transistor NMOS a couche mince (16) ayant une source (4. 12) et un drain (5, 15) dans une premiere region 

de rnonocnstaJ isolee (4, 5. 10. 12. 12) de la couche mince de Si. une electrode de source (14), une electrode 

de drain (15) et une electrode de grflle isolee (9); 

un transistor PMOS a couche rrince (17) ayant une source (7. 13) etun drain (6. 13) dans une seconde region 
de monoaistal isolee (6. 7. 1 1 , 13, 13) de la couche rrince de Si, une electrode de source (14), une electrode 
de drain (15) et une electrode de grille isolee (9); 
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%S£lE+** tension, conn*,* I retodrode * source du transistor NMOS. pou hi ***** 
Z 'E^SX ^ t r^. =, so.ce a, ^ PMOS pou U 
un« second* tension, de V DD vote; dans leojjel 

repasses Tbqx de Hsolabon (2) verifie una relation expnmee par r expression . 

T B0X >{V 00 -V 86 -K 2 )/K 1 

danstaquelle 

Kl « 6^x (Qa, + Qbp) ' 

transistor PMOS (17). qui sort innerents dans le droit, ne peuventpasionctionner. 

ce procftd* Wart accompli par las operations suivantee : 

on toumit ire tranche de semiconducteur massif en siSdim rnonocnstsllrn. 

on £ptott. des ens dteyoen. dans ^e tranche d. »*^««^^ ^J^^l^ 2 
c^STec des k*s A»»ene pour tn* e**^ eftectue« 

on etfectue un recuit par traHemert thenrfque. p«r former ainsl la oooche djw^abw « en S^q^sepere 
w. audhe de sutace de tedrte tranche, qui doit oontftuer au moms ™ ^f"^*""^™ 
h-Vw^io 11 12 1? 13 131, rfune parte restsrtede la tranche, c'est-a-dire le substrat sen»conducteur 
HSR) £ *E» d. to eoueh. dtoototion (2) ainsi tome, etont d environ U 

oTproduit le transistor NMOS a couche nince (16) etle transistor PMOS « * 
p^etse^ 

™ coSeeW respectrvas (9, 9") a una aiedrode tf entrae comrrtra et cn ccrrecte * drains respec- 
peceves des transistors NMOS et PMOS. 
^ep^e^brotftfattaqu^ 

comorenant l executon du precede consistant a produire un circuit inverse* CMOS a couche nwee «a»onl\jr». 
O^Ze d^^^Trou 2. les tmns^tors MdOS el PMOS a. couche 

a^^nca s. trouvant a la penpherie du substrat SOllorme par le substrat semconducteur massrl en sioum 
JSS^rSSS^ la couche nines d. Si. et qui constitue un element Am parte de oroat 

nant egaJemert les etapes siivantes : 

on produit to parte de visualisation a rrv^^ 

Zen* deSmmutationdepixe. PMOS. on en** to parte du 

dtopoeee entre la parte de visualisation a matrice acbve (72) de to couche mm» *l » k WIM 
Se* s^ mass* en Si rrx>nocristaJta. on arrircit la parte de la couche d '^^f^ qu * "™ 
J^reSiman. de .adrie parte du OM massH en Si mMM ^J^l^S 
rert^ment et rarrtnctosemart. avec una matiere de remplissage (84) pratquernert transparente. pour to 

reniorcement 
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FIG. 1(a) 




FIG. 1(b) 
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FIG. 2 



INPUT/OUTPUT CHARACTERISTICS 
OF CMOS INVERTER 
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FIG. 3 



FILM THICKNESS-THRESHOLD VALUE 
CHARACTERISTICS OF PARASITIC NMOS 
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FIG. 4 



FILM • THICKNESS - THRESHOLD VALUE 
CHARACTERISTICS OF PARASITIC PMOS 
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FIG. 5 



PARASITIC CMOS SHUT • OFF 
CURRENT / VOLTAGE MARGIN 
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NMOS CHANNEL DENSITY: 1xK) ,6 cm* 3 
PMOS CHANNEL DENSITY: 5xK) l5 cm~ 3 




a : ALLOWABLE CURRENT 1 ^A 
b : ALLOWABLE CURRENT 10 /*A 
c : ALLOWABLE CURRENT 100 pA 
d : ALLOWABLE CURRENT 1pA 
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FIG. 6(a) 
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FIG. 6(b) 
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FIG. 7(a) 
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FIG. 8 
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FIG. 9 
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